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ABSTRACT 
 

Approach slab is a structural concrete slab that spans from the backwall of the abutment (i.e. end 

of the bridge floor) to the beginning of the paving section. The purpose of the approach slab is to 

carry the traffic loads over the backfill behind the abutments to avoid differential settlement that 

causes bumps at the bridge ends. Cast-in-place concrete approach slab is the current practice in 

US with various spans, reinforcement, thicknesses, joints, and concrete covers. NDOT has 

observed premature cracking in a significant number of approach slabs, which could result in a 

shorter service life and costly repairs/replacements as well as traffic closures and detours. The 

objective of this project is to investigate the extent and causes of approach slab cracking and 

propose necessary design, detailing and construction changes that could mitigate this deterioration. 

The literature on current approach slab practices by other state DOTs is reviewed and an analytical 

investigation is conducted using finite element analysis to evaluate the performance of different 

approach slabs under live load, volume changes due to shrinkage and temperature, and soil friction. 

Several parameters are considered in this investigation, skew angle, bridge width, joint location, 

and connection type. Analysis results indicate that volume changes cause high tensile stresses 

along abutment line, which result in the observed cracking. Several design changes are proposed 

and precast concrete approach slab alternatives are considered as promising solutions that could 

result in longer service life and accelerated construction. 
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Chapter 1. Introduction  

1.1. Background 

The approach slab is a structural concrete slab designed to span from the backwall of the abutment 

(i.e. end of the bridge floor) to the grade beam or sleeper slab where the paving section begins. The purpose 

of the approach slab is to carry the dead load and live load of traffic  over the backfill behind the abutments 

to avoid possible settlement of the backfill that causes bump at the end of the bridge. Despite the simplicity 

of cast-in-place (CIP) concrete approach slab designed as a simply supported one-way reinforced concrete 

slab, it has been reported by Nebraska Department of Transportation (NDOT) that a significant number 

approach slabs experience cracking at early ages. Figure 1 shows examples of this cracking that is primarily 

longitudinal cracking starting at and perpendicular to the backwall support line. This cracking results in 

premature deterioration of the approach slabs, shorter service life, and costly repairs/replacements. The 

causes of this cracking are not clearly understood.  

 
 

 
Figure 1.1: Cracking of bridge approach slabs 
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On the other hand, NDOT recently considered the use of precast concrete (PC) approach slabs to 

achieve higher quality and faster construction than CIP concrete approach slabs. The first implementation 

of precast concrete approach slabs was completed in the summer of 2018 in the construction of Belden-

Laurel Bridge. Several lessons were learned from this project, which could be considered to improve the 

design, fabrication, and construction of precast concrete approach slabs. Therefore, it is important and 

timely to re-visit the current design, detailing, and construction practice of current CIP and  PC approach 

slabs in order to improve their durability and speed of construction.       

1.2. Objectives 

The main objectives of this research project is to:  

1. Investigate causes of premature deterioration of CIP concrete approach slabs 

2. Propose a refined design and detailing of CIP concrete approach slabs 

3. Propose design alternatives to enhance the design/construction of PC approach slabs 

4. Recommend changes to NDOT approach slab policy 

1.3. Report Outline 

This report consists of six chapters as follows.  

Chapter 1 ï Introduction : This chapter discusses the background of the problem and research 

objectives 

Chapter 2 ï Cast-in-Place Approach Slabs: The chapter presents the current practices of several 

DOTs at different geographical regions in designing and detailing of CIP concrete approach slabs. Results 

of recent surveys were also summarized to present the differences in approach slab design and construction 

practices in US.  

Chapter 3 ï Condition Evaluation: The chapter presents the outcome of three field visits to 

observe the cracking in bridge approach slabs and paving sections. Also, analysis of element inspection 

data of approximately 500 records in NDOT database is presented to determine the effect of parameters, 

such as age, skew angle, bridge width, and traffic volume, on the cracking of approach slabs. 

Chapter 4 ï Analytical Investigation: The chapter presents the finite element analysis conducted 

to study the effect of skew angle, bridge width, longitudinal joint, abutment connection, and soil friction on 

the stresses in the approach slabs under live loads and volume changes due to shrinkage and temperature. 

It also presented the proposed changes to reduce these stresses and control approach slab cracking. 
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Chapter 5 ï Precast Concrete Approach Slabs: The chapter presents the different types of 

precast concrete approach slabs and the designs proposed by PCI as well as current practices in Iowa, South 

Carolina, Illinois, Missouri, and Nebraska. Design alternatives are proposed using both high-early strength 

concrete and ultra-high performance concrete in combination with Grade 60 steel and high strength steel.  

Chapter 6 ïConclusions and Lessons Learned: This chapter presents a summary of the report 

main conclusions drawn from the finite element analysis of approach slab, design and detailing of CIP and 

precast concrete approach slabs and design recommendations. It also presents the lessons learned from the 

production and construction of precast concrete approach slabs. 
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Chapter 2 Cast-in-Place Concrete Approach Slabs 

2.1. Introduction  

This chapter presents the literature review on the current practices of different US 

Departments of Transportation (DOTs), including NDOT, in designing and detailing cast-in-place 

(CIP) concrete approach slabs. Recent surveys that shows the difference in approach slab 

dimensions and reinforcement among DOTs are discussed as well as the common deterioration 

mechanisms and their possible causes. Figure 2.1 shows the plan view of a typical approach slab 

and the terminology used to describe its parameters. 

 

Figure 2.1: Approach Slab Terminology 

 

2.2. Current Practices  

The current practice of CIP concrete approach slabs in US vary among state DOTs with respect to 

the following parameters: slab length, slab thickness, concrete cover, top and bottom longitudinal 

and transverse reinforcement, and connections/joints detailing. Below is brief description of these 

parameters for a selective group of state DOTs. 
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2.2.1. Nebraska 

According to NDOT Bridge Office Policies and Procedures (BOPP, 2016), approach slab is 

designed as one-way slab simply supported by the abutment and the grade beam as shown in Figure 

2.2 (BOPP, 2016). The grade beam is a reinforced concrete beam parallel to the abutment, 

supported by piles to minimize settlement, and extended to cover sidewalk. The minimum span 

length of approach slab is 20 ft. measured at the centerline of roadway from the end of bridge floor 

to centerline of grade beam and the minimum thickness is specified as 14 in. The main longitudinal 

reinforcement is #8 @ 6 in. and #5 @ 12 in. for bottom and top reinforcement, respectively. The 

transverse reinforcement is #5 @ 12 in. and #5 @ 9 in. for top and bottom reinforcement, 

respectively. The main longitudinal reinforcement cover is 2.5 in. and 3 in. for top and bottom 

reinforcement, respectively. The approach slab is anchored to the abutment using #6 bar bent at 

45 deg. inside the approach slab with adequate embedment length and cover and spaced at 12 in. 

The approach slab could be poured separate from the bridge deck or poured continuously with the 

deck but partially separated using a galvanized plate. Figure 2.2 shows the end of floor detail for 

each of the two cases. Expansion/contraction joint is placed over the grade beam using joint filler 

and joint sealant between the approach slab and paving section. Paving section has the same 

thickness as the approach slab and is anchored to the grade beam using 45 deg. bent bars. It extends 

for 30 ft to be connected to the roadway pavement using horizontal dowels. Approach slab is 

resting on a granular backfill and half of the grade beam without a connection, as shown in section 

B-B, to allow its movement due to temperature changes. 
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Figure 2.2: NDOT Typical Approach Slab Design and Detailing 
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2.2.2. California  

According to Caltrans (2018), different types of CIP concrete approach slabs are available.  Figure 2.3 

shows only Type N (30) that is 30 ft long and 15 in. thick. Other types of structural approach are: Type R 

(30), Type R (10), and Type EQ (10). Figure 2.4 shows the different abutment tie details based on movement 

rating (MR). For MR greater than or equal to 2 in., #5 vertical tie is used at 9 in. spacing. Also, longitudinal 

reinforcement is used normal to BB and EB lines while transverse reinforcement is always parallel to BB 

and EB lines.  

 

Figure 2.3: Caltrans Typical Approach Slab Design and Detailing 
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Figure 2.4: Caltrans Abutment tie Details 

 

2.2.3. Washington 

According to WSDOT (2019), the standard CIP concrete approach slab is 25 ft long and 13 in. thick as 

shown in Figure 2.5. Dowels are used to connect it to the roadway pavement and 45 deg. bent bars are used 

to connect it to the abutment. Longitudinal joints are either saw cut at lane lines or full -depth construction 

joints are used. These joints are required for slabs wider than 40 ft with a maximum section width of 24 ft.    
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Figure 2.5: WSDOT Approach Slab Design and Detailing 

 

2.2.4. Missouri  

According to MoDOT (2020), the standard CIP concrete approach slab is 20 ft long and 12 in. thick as 

shown in Figure 2.6. Approach slab is resting to a 3 ft wide sleeper slab with expansion/contraction joint 

with the paving section at one end, and 90 deg. bent bar anchors to the abutment at the other end. Approach 

slabs are poured after and separate from the bridge deck on Type 5 aggregate base. Full-depth keyed 

construction joints in the approach slab and sleeper slab should be aligned with the construction joint of the 

bridge deck. 

 



 

16 

 

 

  

Figure 2.6: MoDOT Approach Slab Design and Detailing 
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2.2.5. Iowa  

According to IowaDOT (2020), there are multiple standards for CIP concrete approach slabs with 10 in. 

and 12 in. thickness, variable and constant depth, singly and doubly reinforced slabs, and for fixed and 

movable abutments. Figure 2.7 shows the 20 ft long and 12 in. thick constant depth approach slab that is 

doubly reinforced and connected to single reinforced 20 ft long paving section in case of fixed abutment 

(top figure), movable abutment (middle figure), and with sleep slab in case of slab bridges (bottom figure). 

The figure also shows the pavement lug and wide joint in case of movable abutment. 

 

 
 

 
 

Figure 2.7: IowaDOT Approach Slab Design and Detailing 

 

2.2.6. Colorado  

According to CDOT (2020), the standard CIP concrete approach slab is 20 ft long and 12 in. thick as shown 

in Figure 2.8. Approach slab is resting to a sleeper slab with 4 in. wide expansion/contraction joint with the 

paving section at one end, and 90 deg. bent bar anchors to the abutment at the other end. Longitudinal 

reinforcement is placed parallel to the centerline of the roadway, while transverse reinforcement is placed 






















































































































































































